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(54) Touch signal probe and signal processing apparatus and signal processing method o1 the 
same 



(57) A touch signal probe comprises a fixed mem- 
ber, a movable member, a bias means, a drive member, 
a defonnation touch signal processing circuit, a contact 
touch signal processing circuit, and a latch circuit. A sty- 
lus is attached to the movable member. The drive mem- 
ber relatively drives reseat position elements respec- 
tively placed on the fixed member and the movable 
member. The bias means restores the movable member 
to a still position. The defomiation touch signal process- 



ing circuit generates a defomiation touch signal. The 
contact touch signal processing circuit uses the reseat 
position elements as make-and-break electric contacts 
to generate a contact touch signal. The latch circuit in- 
puts coordinate values every instant at whteh the defor- 
mation touch signal is output and stores the coordinate 
values as the most recent coordinate values for update, 
and when the contact touch signal is output, outputs the 
most recent coordinate values as detected coordinate 
values. 
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Description 

Baclcground of the Invention 
Field of the Invention 

[0001 ] The present invention relates to a touch signal 
probe and a signal processing apparatus and a signal 
processing method of the touch signal probe, the touch 
signal probe being attached to a surface texture meas- 
uring machine such as a fomi measuring instrument or 
a CMM (Coordinate Measuring Machine). More partic- 
ularly, the present invention relates to a touch signal 
probe, and a signal processing apparatus and a signal 
processing method of the touch signal probe which com- 
prises a fixed member, a movable member, a reseat po- 
sition system for allowing displacement of the movable 
member relative to the fixed member when an external 
force acts on the movable member and precisely restor- 
ing the movable member to a still position when the force 
acting on the movable member disappears, and defor- 
mation detection elements attached to a stylus. 

Description of the Related Art 

[0002] With the CMM, a touch signal probe is widely 
used for measuring a surface texture of a work by de- 
tecting contact between the probe and the woric. With 
the CMM using such a touch signal probe, a contact el- 
ement of the probe that can rinake a relative move in a 
three-dimensional direction is brought into contact with 
a work placed on a stage. The coordinate values of axes 
(axes in the three-dimensional direction) of the contact 
element are read with the instant at which the contact 
element comes in contact with the work as an electric 
trigger. Then, the dimensions and the shape of the wortc 
are found based on the coordinate values. Thus, the 
contact state between the probe and the work can be 
used as an electric touch signal to detect the position. 
[0003] FIG. 8 shows a touch signal probe in a related 
art. In FIG. 8, the touch signal probe in the related art 
comprises a stylus 1 , a movable member 2, posts 3, a 
housing 4, a fixed member 5, hardballs (steel balls) 6, 
bias means 7. and a contact element 8. The stylus 1 is 
fixed to the movable member 2. The stylus 1 is provided 
atthe tip with the spherical contact elements. In an outer 
circumference face of the movable member 2. three 
posts 3 are provided radially with a 120-degree spacing 
within a plane at the right angle to the axis of the stylus 

1 and with the axis of the stylus 1 as the center. On the 
other hand, three pairs of hard balls 6 are fixed to the 
fixed member 6 at the positions corresponding to the 
posts 3 of the movable member 2. The posts 3 and the 
hard balls 6 fomi reseat position elements for uniquely 
defining the relative position between the fixed member 
5 and the movable member 2. 

[0004] In such a configuration, the movable member 

2 is pressed against the fixed member 5 by the action 



of a bias force F of a bias means 7 and is forcibly brought 
into contact with the fixed member 5 through reseat po- 
sition members. The movable member 2 is standing still 
at six contact points with the fixed member 5 in the state 

5 that the press force from the wortc is applied to the con- 
tact element 8 provided at the tip of the stylus 1 . This 
means that each post 3 of the movable member 2 is 
standing still at two contact points with two hard balls 6 
(at six contact points as a whole). Therefore, this is 

10 called a six-point contact type reseat position system. 
The six contact points are connected in series electri- 
cally as switch. The contact element 8 comes in contact 
with the wori< W and the movable member 2 performs 
relief operation, so that an out-of-contad condition oc- 

15 curs at any of the six contact points and thus a touch 
signal can be produced. 

[0005] In such a six-point contact type reseat position 
system, the restoration position after the movable mem- 
ber 2 performs relief operation is defined uniquely. That 

20 is, assuming that the stylus 1 is displaced in each con- 
tact point direction in parallel with the axial direction of 
the still position of the stylus 1 while the stylus 1 is held 
in contact with a movable menriber side reseat position 
member (posts 3) and a fixed member side reseat po- 

25 sition member (hard balls 6). each locus drawn by the 
tip of the stylus 1 crosses the axis at the still position of 
the stylus 1. According to such a configuration, at the 
restoration operation time after the movable member 2 
performs relief operation by the press force from the 

30 work W, the contact with each contact point is only re- 
covered by the bias force F and the stylus 1 is restored 
to the unique still position and the still position of the 
stylus 1 can be held constant. 

[0006] With the six-point contact type reseat position 

35 system, the position of the movable member relative to 
the fixed member is determined uniquely by contact at 
six points and thus vibration-resistant rigidity In a reseat 
position state is high. If press force is applied from any 
direction, the six-point contact type reseat position sys- 

40 tem has high restoration accuracy when viewed in com- 
paratively rough order in 10-^m units, for example. 
[0007] The touch signal probe uses an out-of-contact 
condition of each contact point in the reseat position sys- 
tem as a touch signal. A touch signal is not output at the 

45 Instant at which the contact element 8 actually comes 
In contact with the wortc W. Signal output Is delayed as 
much as defomriation (or distortion) of the stylus 1 . If the 
stylus 1 Is long, the tendency becomes notk^eable, lead- 
ing to a bottleneck in high accuracy of measurement. 

so [0008] To deal with this problem, a touch signal probe 
for detecting deformation of a stylus and producing a 
touch signal, as shown in FIGS. 9 A and 9B is proposed 
(Japanese Patent Unexamined Publication No. Hei. 
10-288502). 

55 [0009] In FIG. 9A, a stylus 22 has. at one end, acon- 
tact element 24 for coming in contact with a wortc. Four 
piezoelectric elements 121 to 124 are attached to a 
roughly columnar part at an opposite end of the stylus 
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22. 

[0010] Each of piezoelectric element support parts 
101C and 101D is a flange-like rectangular parallelepl- 
ped which is square in cross section orthogonal to the 
stylus axis. The piezoelectric elements 121 to 124 are 
fixedly secured to full sides of both rectangular parallel- 
epipeds with an adhesive, etc.. so as straddle both rec- 
tangular parallelepipeds. According to such a stmcture. 
the piezoelectric elements are used as deformation de- 
tection elements of the stylus to detect deformation (dis- 
tortion) of the stylus 22 when the contact element 24 
comes in contact with a work W for producing a touch 
signal. 

[0011] The detection accuracy of the touch signal 
probe comprising such a defonnation detection type sty- 
lus can be 1 >im or higher perfonmance. 
[0012] Then, if an attempt is made to attach the de- 
formation detection type stylus 22 to the movable mem- 
ber 2 in place of the stylus 1 and use the above-de- 
scribed six-point contact type reseat position system in 
combination, the reseat position accuracy of the reseat 
position system becomes insufficient. That is, when the 
movable member perfomis relief operation, the contact 
element of the movable member is pushed into the work 
and causes relative displacement to the fixed member. 
With the six-point contact type reseat position system, 
from the viewpoint of higher accuracy, for example, 1 
or less, at the time of the restoration operation after 
contact, the relative displacement between the movable 
member and the fixed member causes an error in res- 
toration position (reseat position shift error) to occur. 
[001 3] That is. if the contact element 8 comes in con- 
tact with the woric W in the orthogonal direction to the 
axis of the stylus 1 and is pushed into the work W, the 
stylus 1 and the movable member 2 are inclined and the 
hard balls 6 and the post 3 are brought out of contact. 
At this time, drag almost in opposite directions occurs 
between the movable member 2 and the fixed member 
and a slight shift in the orthogonal direction to the axis 
of the stylus occurs in the movable member 2. Afterthis, 
if the work W and the contact element 8 are brought out 
of contact with each other, the movable member 2 per- 
forms restoration operation by the bias force F, but a 
restoration position shift (reseat position shift) occurs 
between the movable member 2 and the stylus 1 be- 
cause of the above-mentioned shift. The restoration po- 
sition shift directly affects the measurement accuracy of 
the probe. 

[0014] As a reseat position system for correcting such 
a restoration position shift after the restoration opera- 
tion, a reseat position system shown in FIG. 10 is pro- 
posed (Japanese Patent Unexamined Publication No. 
Hei. 10-96618). With the reseat position system, piezo- 
electric elements, etc, are used to manage the direction 
of the f rictional force acting on the contact point between 
a movable member and a fixed member of the reseat 
positton system, thereby conrecting a reseat position 
shift. 



[0015] The reseat position system comprises a fixed 
member 1 1 . a movable member 21 , and bias force gen- 
eration means (not shown). The bias force generation 
means allows displacement of the movable member 21 

5 relative to the fixed member 11 when an external force 
acts on the movable menr*)er 21 and restores the mov- 
able member 21 to a still position when the force acting 
on the movable member 21 disappears. A stylus 22 hav- 
ing a spherical contact element 24 for coming in contact 

10 with a work is provided to the movable member 21 . The 
movable member 21 has, on the outer circumference 
face, three posts 23 for coming in contact with the fixed 
member 11 radially with a 120-degree spacing in the or- 
thogonal direction to the axis of the stylus 22. 

15 [0016] The fixed member 11 is fixed at the center to 
a probe housing (not shown). The fixed member 11 has 
three amns 12 extending radially with a 120-degree 
spacing with the axis of the stylus 22 as the center. Two 
hard balls 1 3 are placed on the top face of the tip of each 

20 arm 12. In each ami 12, a piezoelectric element 14 as 
a displacement generation mechanism is placed ex- 
pandably in the center part of the fixed member 1 1 inner 
from the hardballs 13 roughly along the radial direction 
relative to the axis of the stylus 22. When a voltage is 

25 applied to each piezoelectric element 14, the piezoelec- 
tric elements 14 are displaced in synchronization with 
each other and the hard balls 13 are displaced in the 
roughly radial direction with the axis of the stylus 22 as 
the center. The term "displacement" mentioned here is 

30 static displacement and displacement is given gradually 
by the piezoelectric element. As they are displaced, the 
directions of the f rictional forces at the contact points 
between the posts 23 and the hard balls 1 3 are made 
unifonm and the reseat position is adjusted so as to re- 

35 store to the still position by the bias force. 

[0017] However, the deformation detection type sty- 
lus, which has extremely high detection accuracy, also 
reacts with various types of noise and outputs a touch 
signal; the application of the defomiation detection type 

40 Stylus is extremely limited. 

[0018] That is, to use the defonnation detection type 
stylus and a measuring machine in combination, various 
vibrations occurring in the measuring machine itself be- 
come noise sources. For example, if move operation of 

45 each axis of a CMM is perfonned, a comparatively large 
vibration occurs in the vicinity of the resonance frequen- 
cy of each axis structure. An air bearing often used with 
a precision measuring machine may produce a vibration 
depending on the structure of an air pad. With motor 

50 driving, the carrier frequency of a DC motor undergoing 
Pulse Width Modulation (PWM) can also become a 
noise source. Further, noise may also be produced by 
conversation in aloud voice or walking of a human being 
in the proximity of the touch signal probe. 

55 [0019] The reseat position accuracy of the improved 
reseat position system is not necessarily sufficient for 
using the reseat position system and the defonnation 
detection type stylus having extremely high detection 
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accuracy in combination. 
Summary of the Invention 

[0020] It is an object of the invention to provide a touch- 
signal probe, and a signal processing apparatus and a 
signal processing method the touch signal probe for 
generating a touch signal reliably with high accuracy 
without receiving the effect of a noise source. 
[0021] In order to achieve the above-mentioned ob- 
ject, according to the invention, there is provided a sig- 
nal processing apparatus of a touch signal probe used 
for a machine capable of measuring coordinate values 
of the touch signal probe, the touch signal probe having 
a fixed member, a movable member to which a stylus 
comprising a contact element and a defomiation detec- 
tion element is attached, a fixed member side reseat po- 
sition element being placed on the fixed member, a mov- 
able member side reseat posiUon element being placed 
on the movable member for coming In contact with the 
fixed member side reseat position element, and a bias 
member for allowing displacement of the movable mem- 
ber relative to the fixed member when an external force 
acts on the stylus and restoring the movable member to 
a still position by a bias force when the external force 
acting on the stylus disappears, the signal processing 
apparatus comprising: 

a drive circuit for outputting a drive signal for caus- 
ing the movable member side reseat position ele- 
ment to make a relative move to the fixedmember 
side reseat position element; 
a deformation touch signal processing circuit for 
generating a deformation touch signal from the de- 
formation detection element; 
a contact touch signal processing circuit using the 
fixed member side and movable member side re- 
seat position elements as make-and-break electric 
contacts to generate a contact touch signal from the 
make-and-break electric contacts; and 
a latch circuit for inputting the coordinate values 
every instant at which the deformation touch signal 
is output and storing the coordinate values as the 
most recent coordinate values for update and when 
the contact touch signal Is output, outputting the 
most recent coordinate values as detected coordi- 
nate values. 

[0022] In the above-mentioned processing appara- 
tus, it is preferable that the defomiation touch signal 
processing circuit includes a high-pass filter circuit and 
a low-pass filter circuit. The high-pass fitter circuit may 
have a cutoff frequency ranging from 3 kHz to 10 kHz. 
The low-pass filter circuit rnay have a cutoff frequency 
ranging from 50 kHz to 200 kHz. The defomiation touch 
signal processing circuit may include an amplification 
circuit wherein gain switching is possible. The he defor- 
mation touch signal processing circuit may include a 



comparison circuit. 

[0023] Further in the above-mentioned processing 
apparatus, it is preferable that the defomiation touch 
signal processing circuit includes a monostable muttiv- 

5 ibrator started by output of the comparison circuit and 
converts a high-frequency signal output from the defor- 
mation detection element by the monostable multivibra- 
tor into a digital low-frequency signal. The ampiifteation 
circuit may switch the gain by a gain signal provided 

10 from the machine. The comparison circuit may switch a 
threshold level by a threshold level signal provided from 
the machine. The drive circuit may cause the movable 
member side reseat position element to make a relative 
move to the fixed member side reseat position element 

15 on the basis of a reseat position con-ecting signal pro- 
vided from the machine. 

[0024] In order to achieve the above-mentioned ob- 
ject of the invention , there is also provided a touch signal 
probe comprising: 

20 

a fixed member; 

a movable member to which a stylus comprising a 
contact element and a defomnation detection ele- 
ment is attached; 

25 a fixed member side reseat position element being 
placed on the fixed member; 
a movable member side reseat position element be- 
ing placed on the movable member for coming in 
contact with the fixed member side reseat position 

30 element; 

[0025] A bias member for allowing displacement of 
the movable member relative to the fixed member when 
an external force acts on the stylus and restoring the 
35 movable member to a still position by a bias force when 
the external force acting on the stylus disappears: 

a drive member for causing the movable member 
side reseat position element to make a relative 
40 move to the fixed member side reseat position ele- 
ment; 

a defomnation touch signal processing circuit for 
generating a deformation touch signal from the de- 
formation detection element; 
a contact touch signal processing circuit using the 
fixed member side and movable member side re- 
seat position elements as make-and-break electric 
contacts to generate a contact touch signal from the 
make-and-break electric contacts; and 
a signal processing unit having a latch circuit for in- 
putting coordinate values of the touch signal probe 
every instant at which the defomiation touch signal 
is output and storing the coordinate values as the 
most recent coordinate values for update and when 
55 the contact touch signal is output, outputting the 
most recent coordinate values as detected coordi- 
nate values. 
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[0026] In the above-mentioned touch signal probe, it 
is preferable that the nnovable member side reseat po- 
sition element comes in contact with the fixed member 
side reseat position element at each contact point with 
two at three apart places from each other. The drive 
member may be a contact point displacement member 
for changing the contact point on the fixed member side 
and the contact point on the movable member side rel- 
atively at least a predetenmined distance. The drive 
member may cause relative vibration only for a given 
time while holding contact between the contact points 
on the fixed mennber side and the movable member side 
after the external force acting on the movable member 
disappears. 

[0027] Further, in the above-mentioned touch signal 
probe ti IS preferable that a diameter of the bias area 
ccnir.ming a point biasing the movable member by the 
btfis mcmocf is 20*^o or less of a diameter of a kinematic 
ciicicco'Urtining ihc contact points on the circumference 
wiih trie rtK s> of Ihc stylus as the center and is roughly 
ecurti lo or more in«n a pinpoint. A center of the bias 
area roughty may match a barycentric position of the 
movable member A center of the bias area roughly may 
malcn a center of the kinematic circle. The bias member 
may mcludo a helical spring and a length of the helical 
spring is about one time or more and 2.5 times or less 
a diameter of the helical spring. 

[0028] Moreover, in order to achieve the abovennen- 
tioned object of the invention, there is provided a signal 
processing method of a touch signal probe for use with 30 
a machine capable of measuring coordinate values of 
the touch signal probe, the touch signal probe having a 
fixed member a movable mennber to which a stylus 
comprising a contact element and a deformation detec- 
tion element is attached, a fixed member side reseat po- 35 
sition element being placed on the fixed mennber, and a 
movable member side reseat position element being 
placed on the movable member for coming in contact 
with the fixed member side reseat position element, a 
drive member for causing the movable member side re- 
seat position element to make a relative move to the 
fixed member side reseat position element, an bias 
member for allowing displacement of the movable mem- 
ber relative to the fixed member when an external force 
acts on the stylus and restoring the movable member to 
a still position by a bias force when the external force 
acting on the stylus disappears, a deformation touch sig- 
nal processing circuit including an operation circuit for 
enabling an operation condition to be switched, for gen- 
erating a deformation touch signal from the defomnation so 
detection element, and a contact touch signal process- 
ing circuit using the fixed member side and movable 
member side reseat position elements as make-and- 
break electric contacts to generate a contact touch sig- 
nal from the make-and-break electric contacts, the sig- 55 
nal processing method comprising: 

positioning the touch signal probe before a meas- 



urement point of a woric; 

driving the drive member for making a reseat posi- 
tion correction; 

switching the operation condition of the operational 
circuit for enhancing sensitivity; 
feeding the touch signal probe into the measure- 
ment point for measuring; . 
when the defomnation touch signal is input, inputting 
the coordinate values and storing the coordinate 
values as the nnost recent coordinate values for up- 
date; 

when' the contact touch signal is input, outputting 
the most recent coordinate values as detected co- 
ordinate values; and 

switching the operation condition of the operational 
circuit for lowering the sensitivity. 

Brief Description of the Drawings 



FIG. 1 is a sectional view of a touch signal probe 
according to the invention; 

FIG. 2 is a partial view of the touch signal probe ac- 
cording to the invention; 

FIG. 3 is a block diagram of a touch signal process- 
ing section according to the Invention; 
FIG. 4 is a block diagram of a CMM (Coordinate 
Measuring Machine) using the touch signal probe 
according to the invention; 
FIG. 5 is a flowchart of signal processing of the 
touch signal probe according to the invention; 
FIG. 6 shows a modification of stylus; 
FIGS. 7A to 7D show modifications of bias means; 
FIG. 8 is a drawing to show the structure of a touch 
signal probe in a related art; 
FIGS. 9A and 9B are a drawing to show the struc- 
ture of a stylus in the related art; and 
FIG. 10 is a drawing to show the structure of a re- 
seat position system in the related art. 

Detaiied Description of the invention 

[0030] Referring now to the accompanying drawings, 
there are shown preferred embodiments of the Inven- 
tion. 

[0031] FIG. 1 is a sectional view of a touch signal 
probe 10 according to the invention. Members identical 
with those previously described with reference to FIGS. 
9A and 9B and FIG. 10 are denoted by the same refer- 
ence numerals in FIG. 1 and therefore will not be dis- 
cussed again in detail. In FIG. 1 , a fixed member 11 Is 
fixed to a bottom 42 of a housing 41 through a fixed 
member stand 18. Each ami 12 (FIG. 10) of the fixed 
member 1 1 is f omned of beryllium copper of an elastic 
material. A piezoelectric element 1 4 is buried in the arm 
12. A hard ball support part IS of an electric Insulator 
undergoing anodic oxide coating (ALMITE®) is buried 
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in the tip of the arm 1 2 in one piece. 
[0032] Adisplacement drive voltage is applied from a 
drive source (circuit 1 91 in FIG. 3) to the piezoelectric 
element 14. Consequently, with the applied voltage, the 
piezoelectric element 1 4 produces displacement motion 
of about 0.6-jim width in an orthogonal direction to the 
axis of a stylus 22. Thus, the ami 12 Is formed of beryl- 
lium copper of an elastic material to prevent heating and 
degradation caused by metal fatigue for prolonging the 
life. Two recesses are made in the upper end face of the 
hard ball support part 15. About a lower half of a hard 
ball (steel ball) 13 is buried in each recess. FIG. 2 Is a 
view of the portion of the hard balls 13 in FIG. 1 from the 
left of the drawing. Each hard ball 13 and a post 23 fonm 
an electric contact and electric connection to the hard 
ball 13 Is made by pressing an elastic thin piece 16. The 
elastic thin piece 1 6 Is fixed to the bottom 42 of the hous- 
ing 41 through a thin piece stand 17 of an electric Insu- 
lator. The material of the elastic thin piece 16 is phos- 
phor bronze for a spring. 

[0033] A bias means 71 of a press coil spring is placed 
between a ceiling 43 of the housing 41 and a movable 
member 21. The movable member 21 is pressed 
against the hard balls 13 through the post 23 by the bias 
means 71 . The bias means 71 uses a helical compres- 
sion spring. Optimally the coil diameter is set to 3 mm. 
the length is set to 6.5 mm, and the bias force Is set to 
300 g. A kinematic circle containing six points at which 
the posts 23 and the hard balls 1 3 come in contact with 
each other with the stylus axis as the center has a di- 
ameter of 28 mm. In contrast, to use a helical compres- 
sion spring having a length of 6.5 mm. a bias force of 
300 g, and a diameter of 11 mm, for example, the res- 
toration en-or in the kinematic circumferential direction 
becomes extremely large. To use a helical compression 
spring having a diameter of 6 mm, the en'or is a little 
lessened, but the restoration accuracy is Insuffteient. To 
use a helical compression spring having a diameter of 
2 mm, the restoration accuracy is good. The possible 
reason Is that the smaller the coll diameter, the smaller 
the rotation moment occurring with compression of the 
helical spring. 

[0034] In the point of the length relative to the coll di- 
ameter of the helical compression spring, when the coil 
diameter is 2 mm and the length is 6.6 mm, the bias 
direction is not necessarily stabilized and the restoration 
error becomes large in some cases. Therefore, to use 
a helical spring as the bias means 71 , preferably the coil 
diameter is set in the range of 5% to 20% of the kine- 
matic circle fonmed by the contact points between the 
hard balls 13 and the posts 23 of the reseat position 
points. Further, preferably the length of the helical spring 
is up to 2.5 times the coil diameter of the helical spring. 
On the other hand, If the ratio falls below one, it becomes 
difficult to provide a sufficient bias force. That is, if an 
attempt is made to provide a sufficient bias force, the 
rotation moment accompanying compression of the hel- 
ical spring Is also increased and the reseat position ac- 



curacy is degraded. 

[0035] The shaft of the helical spring is matched with 
the barycentric point of the movable member 21 for bi- 
asing. Further, preferably the barycentric point is 

5 matched with the center of the kinematic circuit Placed 
on the top of the housing 41 is a connector 44 for fixing 
the touch signal probe 1 0 to a Z axis spindle, etc., of the 
CMM and transmitting and receiving an electric signal. 
The stylus 22 comprising a contact element 24 at one 

10 end is formed at an opposite end with a male screw. The 
male screw is screwed into a female screw placed at the 
center of the movable member 21 for fixing the stylus 
22 and the movable 21 in one piece. As shown in FIG. 
1 , the stylus 22 is attached to a position piercing a round 

15 hole made in the center of the fixed member 11 . 

[0036] The detailed structure of the stylus 22 is the 
same as that previously described with reference to 
FIGS. 9A and 9B. In FIG. 9A. the stylus 22 has a contact 
element 24 for coming in contact with a woric and four 

20 piezoelectric elements 1 21 to 1 24 attached to a roughly 
columnar part at an opposite end. Each of piezoelectric 
element support parts 101C and 101D is a flange-like 
rectangular parallelepiped which is square in cross sec- 
tion orthogonal to the stylus axis. The piezoelectric ele- 

25 ments 1 21 to 1 24 are fixedly secured to full sides of both 
rectangular parallelepipeds with an adhesive, etc., so 
as straddle both rectangular parallelepipeds. The pie- 
zoelectric elements 121 and 123 have the surface and 
back relationship with the axis of the stylus 22 between, 

30 and the piezoelectric elements 122 and 124 have the 
surface and back relationship at the positions adjacent 
to the piezoelectric elements 121 and 123. 
[0037] As shown in FIG. 9B, each of the piezoelectric 
elements 121 to 1 24 is shaped like a flat rectangle par- 

35 ailel with the stylus axis in the length direction of the pi- 
ezoelectric element. 

[0038] Now, assuming that the contact element 24 
and the wori< W come in contact with each other in a 
plane orthogonal to the stylus axis, output of the piezo- 

40 electric element 1 2 1 reaches maximum value VO at time 
TO detemnined by the natural frequency, etc., of the sty- 
lus 22. The magnitude of the maximum value VO varies 
depending on the angle between the attachment azi- 
muth of the piezoelectric element 121 and the azimuth 

45 of the contact element 24 coming In contact with the 
work W, namely, angle 6 around the axis. The output of 
the piezoelectric element 121 changes like a sine wave 
in 360-degree cycles In response to the angle 6. The 
output maximum value VO reaches maximum value 

so Vmax when the work W and the contact element 24 
come in contact with each other at the angle (G=0) at 
which the piezoelectric element 121 easily undergoes 
bend defomnation. 

[0039] FIG. 3 is a block diagram of a touch signal 
55 processing section for generating a contact signal 
based on output from the four piezoelectric elements 
121 to 124. In FIG. 3. signals output from the piezoelec- 
tric elements 121 to 124 are amplified by amplif Nation 
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circurts 131 to 134 each having both a high-pass filter 
(HPF) function and a low-pass filter (LPF) function to 
generate V1 to V4. Then, difference VI 3 between the 
signals VI and V3 output from the piezoelectric ele- 
ments 121 and 123 having the surface and back rela- 
tionship is differentially amplified by a circuit 141, and 
then squared. Difference V24 between the signals V2 
and V4 output from the piezoelectric elements 122 and 
124 having the surface and back relationship is differ- 
entially amplified by a circuit 142 and then is squared. 
[0040] Each of the piezoelectric elements 1 21 to 1 24 
has very high sensitivity and thus has the drawback of 
also reacting sensitively with various types of noise. For 
example, the resonance frequency of each axis struc- 
ture of the CMM is several hundred Hz. An air bearing 
often used with a precision measuring machine produc- 
es a vibration of several kHz depending on the stmcture 
of an air pad. The carrier frequency of a DC motor un- 
dergoing pulse width modulation is also often about sev- 
eral kHz (for example, 3 kHz). As for voice, usually, pow- 
er of up to about 3 kHz is strong. Therefore, preferably 
the cutoff frequency of the high-pass filter is set to sev- 
eral kHz (in the neighborhood of 5 kHz). Since inductive 
noise produced by electromagnetic induction, etc., gen- 
erally has a very high frequency component, preferably 
the cutoff frequency of the low-pass filter is set in the 
neighborhood of 1 00 kHz for shutting off the noise conv 
ponent. Here, the high-pass filter and the low-pass filter 
are used in combination, but a band-pass filter may be 
used, of course. 

[0041] Further, the amplified signals VI to V4 output 
from the piezoelectric elements 121 to 124 are added 
together by a circuit 1 43 to find sum VI 234 and then the 
sum VI 234 is delayed for a given time and is squared. 
The phases of the output signals from the piezoelectric 
elements 121 and 123 (122 and 124) different in attach- 
ment angle (180 degrees) with the stylus axis as the 
center differ 1 80 degrees. By calculating the difference 
VI 3 (V24) between the output signals of the piezoelec- 
tric elements 121 and 123 (122 and 124) and squaring 
the difference, it is possible to constantly extract the 
maximum value of the bend distortion component acting 
on the stylus axis independently of the angle 6. By add- 
ing the output signals of the four piezoelectric elements 
121 to 124 to find the sum 1234, It is possible to remove 
the bend distortion component acting on the stylus axis 
and extract the longitudinal distortion component acting 
in the stylus axis direction . In the embodiment, however, 
to extract the longitudinal distortion component; the 
mode is not limited to finding the sum of the output sig- 
nals of all the piezoelectric elements 121 to 124. The 
sum of the output signals from the two piezoelectric el- 
ements 1 21 and 123 or 122 and 124 having the surface 
and back relationship may be calculated. The VI 234 is 
a signal representing the longitudinal distortion compo- 
nent extracted by removing the bend distortion compo- 
nent and thus reaches the maximum value when the 
contact element 24 comes in contact with the wori< W 



from the stylus axis direction. However, generally, the 
longitudinal rigidity is higher than bend rigidity and thus 
VI 234 is eariier than VI 3 (V24). Therefore, VI 234 is 
delayed in the circuit 143 and then is squared. 

5 [0042] The signals generated in the circuits 141 and 
1 42 and the signal generated in the circuit 143 are add- 
ed and combined in a circuit 1 51 . Then the resultant sig- 
nal is input to a gain switch circuit 161 . Noise becomes 
large because of high-speed move in high-speed posi- 

10 tioning operation for measurement as compared with 
low-speed feed operation during measurement. Thus, 
the gain switch is to lower the gain for preventing erro- 
neous measurement caused by various types of noise. 
Therefore, a gain signal is input to the circuit 161 for 

IS switching between high and low gains. Output of the 
gain switch circuit 161 is compared with an externally 
output threshold level in the comparison circuit 171 and 
only if the output exceeds the threshold level, a monos- 
table multivibrator is started and a deformation touch 

20 signal is output. Each of the signals output from the pi- 
ezoelectric elements 121 to 124 generally is a high-fre- 
quency signal produced by contract between the wori< 
W and the contact element 24. Since only the first rising 
edge of the signal needs to be caught to produce a touch 

25 signal, high-frequency impulse signal is converted into 
a digital signal of a given width (about 100 ms) by the 
monostable multivibrator, 

[0043] Seat points f omned by a reseat position system 
(or contact points between the posts 23 and hard balls 

30 13) are make-and-break contacts and noise is removed 
through a low-pass filter of a circuit 1 35 and then a con- 
tact touch signal is output. In usual measurement, the 
probe 10 is brought into contact with (or is collided 
against) the work W at measurement speed of about 3 

35 mm/s to 5 mm/s to provide a deformation touch signal. 
The stylus 22 of the probe 1 0 is displaced relative to the 
work W due to the contact between the probe 10 and 
work W, and the make-and-break contacts of the reseat 
position system are broken. At the above-mentioned 

40 measurement speed, a delay of about 1 5 ms to 9ms oc- 
curs until the contact touch signal is output after the de- 
formation touch signal is output. However, the delay 
time is applied when the stylus 22 has a length of 20 
mm; if the stylus is longer, the delay time is also tn- 

45 creased. The time width of the monostable multh^lbrator 
Is set to a time width larger than the delay time and is 
set to a time width for making it possible to AND the de- 
formation touch signal and the contact touch signal as 
required. 

50 [0044] When a reseat position correction signal is in- 
put to a circuit 191, a displacement drive voltage for 
slowly displacing the reseat position system on the fixed 
member side is generated and is supplied to three pie- 
zoelectric elements 14 at the same time for giving rela- 

55 tive displacement to the contact point of the reseat po- 
sition system. The touch signal probe incorporating the 
signal processing circuitry or the signal processing 
method of the invention is connected to the* lower end 
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of a 2 axis spindle of the CMM for use, for example. An 
outline of the structure of the CMM is not shown; for ex- 
ample, the CMM comprises the following structure. The 
CMM comprises a stage, columns, a Y axis bridge, an 
X axis slider and Z axis spindle. The stage places a work 
W thereon. The columns are placed upright at left and 
right ends of the stage. The Y axis bridge bridges the 
tops of the columns and has a gantry-stmcture back and 
forth movable relative to the stage. The X axis slider Is 
movable from side to side along the bridging portion of 
the Y axis bridge. The Z axis spindle is installed in the 
X axis slider and movable up and down. The move di- 
rections of the X axis, the Y axis, and the Z axis are 
orthogonal to each other. Therefore, the touch signal 
probe connected to the lower end of the Z axis spindle 
can be positioned at any desired speed to any desired 
position relative to the wortc W by driving each of the X. 
Y. and Z axes (by driving the X slider, the Y bridge, and 
the Z axis spindle). 

[0045] FIG. 4 is a block diagram of the CMM 200. 
[0046] X, Y, and Z axis drive sections 221 to 223 are 
each made up of a drive guide and a drive motor for 
driving orthogonal three axes (X, Y, and Z axes). X, Y. 
and Z axis amplification sections 231 to 233 perfomn 
power amplification for the motors based on a drive sig- 
nal output from a computer 260. X, Y. and Z axis scales 
201 to 203 perform position detection of displacement 
of the orthogonal three axes (X, Y, and Z axes) (that Is, 
the X slider, the Y bridge, and the Z axis spindle), and 
X, Y, and Z axis counters 21 1 to 21 3 perfomn integration 
of the position detection results and output the cunent 
position coordinate values of the axes. A circuit 240 in- 
puts and temporarily stores (latches) outputs of the X, 
Y, and Z axis counters 211 to 213 and outputs to the 
computer 250 as required. 

[0047] An electric signal of the touch signal probe 1 0 
is connected to the touch signal processing section 1 00 
and a defomiation touch signal and a contact touch sig- 
nal output from the touch signal processing section 1 00 
are input to the circuit 240, The latch processing circuit 
240 temporarily stores outputs of the X, Y, and Z axis 
counters 211 to 213 every given time (for example, eve- 
ry 1 0 ms) and outputs the temporality stored data to the 
computer 250. In addition, the latch processing circuit 
240 temporarily stores outputs of the X. Y, and Z axis 
counters 21 1 to 21 3 (cun-ent position coordinate values) 
immediately whenever the deformation touch signal Is 
input from the touch signal processing section 100. After 
this, (for example, in 15 ms), when the contact touch 
signal is input from the touch signal processing section 
1 00, the latch processing circuit 240 outputs the cunrent 
position coordinate values last latched based on the de- 
formation touch signal to the computer 250 as the de- 
tected coordinate values by the touch signal probe 10. 
[0048] The computer 250 outputs a gain signal, a 
threshold level signal, and a reseat position correction 
signal to the touch signal processing section 1 00 as re- 
quired for perfomiing control switching of the touch sig- 



nal probe 10. Next, a flow of signal processing of the 
touch signal probe 10 according to the invention in the 
program-controlled CMM will be discussed with refer- 
ence to FIG. 5. 

5 [0049] The signal processing is started at step 10 
(S10). First, at step 20 (S20). a work W is placed on the 
stage of the CMM. Next, at step S30 (530), the axes of 
the CMM are retumed to the origin. A gain signal (low 
gain), a threshold level signal, and a reseat position cor- 

10 rectlon signal are output to the touch signal processing 
section 100 through whrch the touch signal probe 10 is 
initialized. Further display means and input means of the 
computer 250 (not shown) are used to select a meas- 
urement program previously stored In storage means 

15 (not shown). At step 40 (S40), one instruction of the 
measurement program is read and the contents of the 
instruction are analyzed. Next, at step 50 (S50), whether 
or not the Instruction is a measurement Instruction Is de- 
termined. If the instruction is a measurement instruction, 

20 control goes to step 60 (S60). If the instruction is not a 
measurement instruction (for example, is a lighting in- 
struction, etc..). the instruction is executed at a step (not 
shown) and again control returns. to step 40 (S40). 
[0050] At step 60 (S60), the contents of the measure- 
rs ment instruction (meaisurement type, measurement co- 
ordinate values, etc.,) are analyzed and the touch signal 
probe 10 is positioned at the position 3 mm before the 
measurement point. Upon completion of the positioning, 
at step 70 (S70), a reseat position correction signal is 

so output for correcting the reseat position of the stylus. At 
step 80 (S80). a gain signal (high gain) is output, thereby 
enhancing the sensitivity. At the point in time, temporary 
storage area for storing the current coordinate values of 
the axes at step 1 1 0 (S1 1 0) is all cleared. 

35 [0051 ] Then, at step 90 (S90), the touch signal probe 
1 0 is moved toward the measurement point of the wortc 
W at low speed. The move target point at this time is set 
to the work side about 1 mm from the measurement 
point to ensure that the contact element 24 of the touch 

40 signal probe 1 0 is brought into contact with (collided 
against) the wortc W. Next, at step 1 00 (SI 00), whether 
or not a deformation touch signal is input is determined. 
If the signal of the defomnatlon touch signal Is Input, con- 
trol goes to step 11 0 (S110) and the current coordinate 

45 values of the axes are read from the X, Y, and Z axis 
counters 21 1 to 21 3 and are temporarily stored. To tem- 
porarily store the current coordinate values of the axes, 
whenever whether or not a deformation touch signal is 
input is detemnined at step 100 (S100), the old data of 

50 the current coordinate values of the axes is overwritten 
with new in the same area, so that the most recent data 
is always held. On the other hand, if no deformation 
touch signal is input, control goes to step 120 (8120). 
[0052] At step 120 (SI 20). whether or not a contact 

55 touch signal is input is determined. If the signal is not 
input, control is retumed to step 1 00 (SI 00). If the signal 
is input; control goes to step 130 (SI 30) and the current 
coordinate values of the axes last stored at step 110 
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(S110), namely, the most recent current coordinate val- 
ues of the axes are internally stored as the detected co- 
ordinate values. The detected coordinate values are dis- 
played on the display means of the computer 250 (not 
shown) and are output to output means (not shown), 5 
such as a printer, as required. At the point in time, the 
touch signal probe 10 continues to feed. At step 140 
(SI 40), a gain signal (low gain) is output for preventing 
later erroneous input of defomiation touch signal (the 
sensitivity is lowered accordingly). 
[00531 At step 1 50 (SI 50), the axes are stopped with 
deceleration. At the point in time, the contact element 
24 of the touch signal probe 10 is pushed Into the work 
about 400 Kim and the make-and-break contacts of the 
reseat position system are broken reliably. Then, at step is 
160 (S160), the touch signal probe 10 is retumed to a 
reference point (tor example, the midpoint between the 
CMM and the work). At step 170 (S170). whether all in- 
structions of the measurement program have been ex- 
ecuted is determined. If not all instructions have been so 
executed, control retums to step 40 (S40) and another 
Instruction is analyzed and executed. If all instructions 
have been executed, control goes to step 180 (SI 80) 
and the measurement processing is tenninated. 
[0054] Although not shown In the figure, if no contact 25 
touch signal does not appear although the move target 
point specified at step 90 (S90) is not reached or if a 
defomiation touch signal is input while a gain signal (low 
gain) is output, an anomaly such that the probe does not 
come in contact with the work W because of a shape 30 
anomaly of the work W or that the probe collides with 
the work W while the probe is moved at high speed is 
possible and thus emergency stop of the CMM is con- 
ducted. If the contact touch signal is input before the 
defomiation touch signal is input during measurement 55 
move at step 90 (S90), an inappropriate measurement 
condition such that the work W is a soft material, for ex- 
ample, is possible. In this case, the operator can select 
any of the following options 1 ) to 5) . 

1) Stopping of measurement, 

2) re-measurement (recovery), 

3) speeding up measurement and re-measurement, 

4) lowering the threshold level in comparison circuit 

171 and re-measurement, or ^ 

5) raising the gain of the amplification circuit 161 
and re-measurement. 

[0055] Here, in 3) to 5). the defomnation touch signal 
easily appears. 

[0056] As the described processing is perfomned, the 
coordinate values of each measurement point are inter- 
nally stored as the detected coordinate values and thus 
shape analysis, etc.. can be conducted based on the 
data. 

[0057] The embodiment can provide the following ad- 
vantages: 



55 



(1) The current coordinate values of the axes are 
latched by the deformation touch signal generated 
from the defonmation detection element. Then when 
the contact touch signal generated from the make- 
and-break contacts of the reseat position system is 
input, the most recent current coordinate values of 
the axes latched are adopted as the detected coor- 
dinate values. Thus if the deformation touch signal 
is output due to noise, the reliable detected coordi- 
nate values can be provtoled. 

(2) For defomnation detection element output, the 
frequency component most containing noise is shut 
off through the high-pass and low-pass filters, so 
that the deformation touch signal can be provided 
reliably. 

(3) Since the amplification circuit 161 is provided 
with gain switching in the process of defomnation 
touch signal generation, emergency stop caused by 
erroneous input of the deformation touch signal in 
non-measurement mode can be prevented. 

(4) Since any desired threshold level is input to the 
comparison circuit 171 in the process of defomia- 
lion touch signal generation, emergency stop 
caused by en^oneous input of the defomnation touch 
signal in non-measurement mode can be prevent- 
ed. 

(5) The touch signal processing sectton 100 is pro- 
vided with gain switching of the amplification circuit 
161, input of any desired threshold level to the com- 
parison circuit 171. and reseat position conrectlon 
input, which are automatically controlled, so that a 
reliable defonmation touch signal can be provided 
easily. 

(6) Since input of any desired threshold level to the 
comparison circuit 1 71 is provided in the process of 
defomnation touch signal generation, the defomna- 
tion touch signal <:an be output reliably even if the 
work is a soft material. 

(7) At each reseating after contact between the con- 
tact elennent 24 and the woric W, displacement op- 
eration is applied to the amn 12 by the piezoelectric 
element 14. Thus, relative displacement occurs be- 
tween the hard ball 1 3 and the post 23 and the f ric- 
tional directions between the hard balls 13 and the 
posts 23 are made uniform. Thus, the contact point 
is reseated at the most stable position, the reseat 
position shift en-or is lessened, and the reseat po- 
sition restoration accuracy is enhanced. To make 
the frictional directions unifonn, the displacement 
directions need not necessarily be one direction 
and enlargement and shrinkage directions may be 
alternated. 

(8) The amn 12 is fomned of beryllium copper. Thus, 
If displacement is given by the piezoelectrk: element 
14, heating can be lessened and degradation 
caused by metal fatigue can be prevented for pro- 
longing the life. 

(9) The elastic thin piece is pressed against the hard 
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balMS to make electric connection. Thus, if the hard 
ball 13 is displaced by the piezoelectric element 14, 
a failure of a lead break for electric connection, etc.. 
can be provided. 

(10) To use a helical spring as the bias means 71 . 
the coil diameter is set in the range of 5% to 20% 
of the kinematic circle fomried by the contact points 
between the hard balls 13 and the posts 23 of the 
reseat position points. Thus, a reseat position en-or 
caused by the effect of the rotation moment accom- 
panying compression of the helteal spring can be 
circumvented. 

(11) To use a helical spring as the bias means 71 , 
the ratio of the length of the helical spring to the coil 
diameter is placed in the range of 1 to 2.5. Thus, 
the stability in the bias direction can be provided 
while the effect of the rotation moment accompany- 
ing compression of the helical spring Is circumvent- 
ed. 

(12) Since the shaft of the helical spring is matched 
with the barycentric point of the movable member 
21 for biasing, stable bias can be perfomned. 

(13) Further, the barycentric point of the movable 
member 21 is matched with the center of the kine- 
matic circuit, whereby more stable bias can be per- 
formed. 

(14) The reseat position member is made up of post 
and ball. Thus, high-accuracy machining can be 
easily performed and the reseat position error Is 
lessened. 

[0058] In addition to the described embodiment, var- 
ious modifications of the Invention are possible. For ex- 
ample, the contact element 24 is placed on the axis of 
the stylus 22 in FIGS. 9A and 9B, but may be placed as 
shown in FIG. 6. In FIG, 6. displacement detection ele- 
ments may be piezoelectric elements 111,112,113, and 
114. A pair of piezoelectric elements 111 and 113 op- 
posed to each other is placed on a detection element 
support part 1E so as to become symmetrical with re- 
spect to a stylus axis, A pair of piezoelectric elements 
112 and 114 is placed on a detection element support 
part 1 F so as to become symmetrical with respect to the 
stylus axis. The piezoelectric elements 111. 112. 113, 
and 114 have the same shape. 

[0059] The piezoelectric elements 111,112,113, and 
1 1 4 are inclined by angle a relative to the axis of a stylus 
D symmetrically with respect to the axis for attachment. 
The force of twist (bend direction P) of the stylus D is 
transmitted along roughly the length direction of each 
piezoelectric element, so that change in the state 
amount can be detected sufficiently. As for the stylus of 
this stmcture, the defomnatlon detection elements are 
inclined by the angle a relative to the axis of the stylus 
D symmetrically with respect to the axis for attachment 
as compared with the stylus shown in FIGS. 9A and 9B. 
Thus, since the sensitivity to the twist of the stylus D is 
enhanced, a probe of a structure wherein a contact el- 



ement does not exist on the axis of the stylus can be 
provided and the applk^bility of touch signal probe 
measurement is enhanced. 

[0060] Modifications of the bias means 71 in FIG. 1 

5 are possible as shown in FIGS. 7A-7D. In FIG. 7A, the 
upper end of a helical compression spring 72 is fixed to 
a ceiling 43 of a housing 41 . An end plate 73 is attached 
to the lower end of the spring 72. A conteal pin projects 
at the lower part of the end plate 73. A conical recess Is 

10 made at the barycentric position of a movable member 
21 and the conical pin is abutted against the conical re- 
cess for biasing. In FIG. 7B, in the structure in FIG. 7A, 
a conical rod 74 in place of the end plate 73 is fixed to 
the lower end of the helical compression spring 72. The 

IS conk:a1 tip of the conical rod 74 is abutted against the 
conical recess of the movable member 21 for biasing. 
In FIG. 7C, In the structure in FIG. 7A, end plates 73 are 
fixed to both ends of the helical compression spring 72. 
A conical recess Is made at the barycentrte position of 

20 the movable member 21 and the ceiling 43 of the hous- 
ing 41 corresponding to the barycentric position. Conical 
pins of end plates 73 are abutted against the conical re- 
cesses for biasing. 

[0061] In FIG. 7D, in the structure in FIG. 7B, conical 
25 rods 74 are fixed to both ends of the helical compression 
spring 72. Conk:al recesses are made at the barycentric 
position of the movable member 21 and the ceiling 43 
of the housing 41 corresponding to the barycentric po- 
sition. The conical tips of the conical rods 74 are abutted 
30 against the conical recesses for biasing. In the modifi- 
cations of the bias means, in the structures in FIGS. 7A 
to 7D, the effect of the rotation moment accompanying 
compression of the helical compression spring is 
scarcely received. Thus, the restrictions on the coil di- 
ss ameter are eliminated, the flexibility of the design is en- 
hanced, the reseat position shift enror is lessened, and 
the reseat position restoration accuracy is enhanced. 
The gain switching signal in the circuit 1 61 in FIG. 3 in 
the embodiment is a switching signal for switching be- 
40 tween high and low gains, but the amplification factor 
itself may be input for setting the specified gain. Further 
the gain switching for this purpose may be perfomned 
separately in the circuits 131 to 134. 
[0062] In addition to switching the gain in the circuit 
45 1 61 for the purpose of noise removal, the threshold level 
In the circuit 171 may be changed for removing noise. 
Further, the threshold level in the circuit 171 may be an 
internal semi-fixed value of the touch signal processing 
section without being input from the outside. According 
so to the circuit configurations, lowering the sensitivity for 
noise removal in non-measurement mode and sensitiv- 
ity enhancement for measuring a work of a soft material 
can be accomplished by setting any desired gain in the 
amplification circuit 1 61 or setting any desired threshold 
55 level in the comparison circuit 1 71 . Thus, the deforma- 
tion touch signal can be provided reliably and the relia- 
bility of measurement with the touch signal probe 10 is 
enhanced. 
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[0063] In the embodiment, if gain adjustment is made 
separately In response to variations in performance of 
a plurality of relative displacement means (piezoelectric 
elements 14) rather than simultaneous supplying the 
displacement drive voltage generated in the circuit 191 
In FIG. 3 to the plurality of relative displacement means, 
the arms can be made uniform in perfomiance. Further, 
the displacement drive voltage for slowly displacing the 
reseat position system on the fixed member side may 
be supplied to the three piezoelectric elements 14 with 
a time difference rather than be supplied to the piezoe- 
lectric elements 14 at the same time. Accordingly, hamv 
f ul vibration of the movable menr*)er can be easily sup- 
pressed. The time width of the monostable multivibrator 
in the embodiment is set to about 100 ms, but may be 
set to an optimum value depending on the measurement 
speed in the CMM, the length of the stylus of the touch 
signal probe, or the noise condition. 
[0064] Further, in FIG. 5, the deformation touch signal 
and the contact touch signal are monitored separately, 
but the determination at step 120 in FIG. 5 may be made 
based on the ANDing result of both the signals. Accord- 
ing to this method, the detected coordinate values can 
be provided more reliably. Displacement of the reseat 
position contact point by the reseat position correction 
signal may be made from one displacement limit to an- 
other every reseat position correction signal. Displace- 
ment of the reseat position contact point by the reseat 
position con-ection signal may be retumed to the one 
displacement limit after it is made from one displace- 
ment limit to another every reseat position correction 
signal. Likewise, it may be reciprocated between one 
displacement limit and another. 

[0065] Further, FIG. 5 shows the signal processing 
flow of the touch signal probe for executing the already 
prepared measurement program in the program-con- 
trolled CMM. However, the gain, threshold level, and re- 
seat position correction signals may also be fed Into the 
touch signal processing section 100 whenever neces- 
sary for automatically controlling the touch signal probe 
10 in semi-automatic measurement for entering meas- 
urement point coordinate values from the Input means 
of a computer and measuring the coordinate values of 
one point (corresponding to MDI (manual data input) in 
NC) and manual measurement for holding and moving 
a probe and conducting measurement. For example, in 
the semr-aulomatic measurement, if a start button Is 
pressed after the measurement point coordinate values 
are entered, steps 60 to 150 (or 160) in FIG. 5 may be 
executed after the probe is initialized. 
[0066] In the manual measurement, the current coor- 
dinate values of the X, Y, and Z axis counters 21 1 to 21 3 
are monitored at all times (for example, every 10 ms) 
and the move speed of each axis is found from the dif- 
ference between the preceding current coordinate val- 
ues and the present current coordinate values is found 
and if the combined speed of the axes is given speed 
or more, a gain signal (low gain) and a threshold level 



signal (high level) are output to the touch signal process- 
ing section 1 00; if the combined speed is less than the 
given speed or more, a gain signal (high gain) and a 
threshold level signal (low level) are output. Further. 

5 state change from moving to stopping Is detected and 
a reseat position con-ection signal is output. In doing so, 
even in the semi-automatic measurement or the manual 
measurement, the touch signal probe is controlled au- 
tomatically, so that a defonrnation touch signal can be 

10 provided reliably, measurement is facilitated, andthe re- 
liability of measurement is enhanced. 
[0067] As described above, according to the signal 
processing apparatus and the signal processing method 
of the touch signal probe of the invention, various types 

15 of noise removal operation are applied to a deformation 
touch signal generated as deformation of the stylus is 
delected. A contact touch signal generated from the 
make-and-break contacts consisting of the reseat posi- 
tion elements Is used as a check signal. Thus, the de- 

20 formation touch signal can be provided reliably, meas- 
urement is facilitated, and the reliability of measurement 
is enhanced. 



25 Claims 

1. A signal processing apparatus of a touch signal 
probe used for a machine capable of measuring co- 
ordinate values of the touch signal probe, the touch 

30 signal probe having a fixed member, a movable 
member to which a stylus comprising a contact el- 
ennent and a deformation detection element is at- 
tached, a fixed member side reseat position ele- 
ment being placed on the fixed member, a movable 

35 member side reseat position element being placed 
on the movable member for coming in contact with 
the fixed member side reseat position element, and 
a bias member for allowing displacement of the 
movable member relative to the fixed member when 

40 an external force acts on the stylus and restoring 
the movable member to a still position by a bias 
force when the external force acting on the stylus 
disappears, said signal processing apparatus com- 
prising: 

45 

a drive circuit for outputting a drive signal for 
causing the movable member side reseat posi- 
tion element to make a relative move to the 
fixed member side reseat position element; 

so a deformation touch signal processing circuit 

for generating a deformation touch signal from 
the defonnation detection element; 
a contact touch signal processing circuit using 
the fixed member side and movable member 

55 side reseat position elements as make-and- 

break electric contacts to generate a contact 
touch signal from the make-and-break electric 
contacts; and 
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a latch circuit for inputtlngthe coordinate values 
every instant at which the deformation touch 
signal is output and storing the coordinate val- 
ues as the most recent coordinate values for 
update and when the contact touch signal is 
output, outputting the most recent coordinate 
values as detected coordinate values. 

2. The signal processing apparatus of the touch signal 
probe as claimed in claim 1 , wherein the defonma- 
tion touch signal processing circuit includes a high- 
pass filter circuit and a low-pass filter circuit. 

3. The signal processing apparatus of the touch signal 
probe as claimed in claim 2, wherein the high-pass 
filter circuit has a cutoff frequency ranging from 3 
kHz to 10 kHz. 

4. The signal processing apparatus of the touch signal 
probe as claimed in claim 2. wherein the low-pass 
filter circuit has a cutoff frequency ranging from 50 
kHz to 200 kHz. 

5. The signal processing apparatus of the touch signal 
probe as claimed in claim 1 , wherein the defomia- 
tion touch signal processing circuit includes an anrv 
pllfication circuit wherein gain switching is possible. 

6. The signal processing apparatus of the touch signal 
probe as claimed in claim 1 . wherein the defomia- 
tion touch signal processing circuit includes a com- 
parison circuit. 

7. The signal processing apparatus of the touch signal 
probe as claimed in claim 6, wherein the defomna- 
tion touch signal processing circuit includes a mon- 
ostable multivibrator started by output of the conn- 
parison circuit and converts a high-frequency signal 
output from the deformation detection element by 
the monostable multivibrator into a digital low-fre- 
quency signal. 

8. The signal processing apparatus of the touch signal 
probe as claimed in claim 5, wherein the amplifica- 
tion circuit switches the gain by a gain signal pro- 
vided from the machine. 

9. The signal processing apparatus of the touch signal 
probe as claimed in claim 6, wherein the compari- 
son circuit switches a threshold level by a threshold 
level signal provided from the machine. 

1 0. The signal processing apparatus of the touch signal 
probe as claimed in claim 1 , wherein the drive circuit 
causes the movable member side reseat position 
element to make a relative move to the fixed menrv 
ber side reseat position element on the basis of a 
reseat position correcting signal provided from the 
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machine. 

11. A touch signal probe comprising: 
a fixed member; 

a movable member to which a stylus compris- 
ing a contact element and a deformation detec- 
tion element is attached; 
a fixed member side reseat position element 
being placed on the fixed member; 
a movable member side reseat position ele- 
ment being placed on the movable member for 
coming in contact with the fixed member side 
reseat position element; 

A bias member for allowing displacement of the 
movable member relative to the fixed member when 
an external force acts on the stylus and restoring 
the movable member to a still position by a bias 
force when the external force acting on the stylus 
disappears: 

a drive member for causing the movable mem- 
ber side reseat position element to make a rel- 
ative move to the fixed member side reseat po- 
sition element; 

a defonnation touch signal processing circuit 
for generating a defomnation touch signal from 
the deformation detection element; 
a contact touch signal processing circuit using 
the fixed member side and movable member 
side reseat position elements as make-and- 
break electric contacts to generate a contact 
touch signal from the make-and-break electric 
contacts; and 

a signal processing unit having a latch circuit 
for inputting coordinate values of the touch sig- 
nal probe every instant at whteh the deforma- 
tion touch signal is output and storing the coor- 
dinate values as the most recent coordinate 
values for update and when the contact touch 
signal is output, outputting the most recent co- 
ordinate values as detected coordinate values. 

12. The touch signal probe as claimed In claim 11, 
wherein the movable member side reseat position 
element comes in contact with the fixed member 
side reseat position element at each contact point 
with two at three apart places from each other. 

13. The touch signal probe as claimed in claim 12, 
wherein the drive member is a contact point dis- 
placement member for changing the contact point 
on the fixed member side and the contact point on 
the movable member side relatively at least a pre- 
determined distance. 

14. The touch signal probe as claimed in claim 12, 
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wherein the drive member causes relative vibration 
only tor a given tinne while holding contact between 
the contact points on the fixed mennber side and the 
movable member side after the external force act- 
ing on the movable member disappears. 

15. The touch signal probe as claimed in claim 11, 
wherein a diameter of the bias area containing a 
point biasing the movable member by the bias 
member is 20% or less of a diameter of a kinematic 
circle containing the contact points on the circum- 
ference with the axis of the stylus as the center and 
is roughly equal to or more than a pinpoint. 

16. The touch signal probe as claimed in claim 15, 
* wherein a center of the bias area roughly matches 

a barycentric position of the movable member. 

17. The touch signal probe as claimed in claim 15, 
wherein a center of the bias area roughly matches 
a center of the kinematic circle. 

18. The touch signal probe as claimed in claim 15, 
wherein the bias member includes a helical spring 
and a length of the helical spring is about one time 
or more and 2.5 times or less a diameter of the hel- 
ical spring. 

19. A signal processing method of a touch signal probe 
for use with a machine capable of measuring coor- 
dinate values of said touch signal probe, the touch 
signal probe having a fixed member, a movable 
member to which a stylus comprising a contact el- 
ement and a deformation detection element is at- 
tached, a fixed member side reseat position ele- 
ment being placed on the fixed member, and a mov- 
able member side reseat position element being 
placed on the movable menlber for coming in con- 
tact with the fixed member side reseat position ele- 
ment, a drive member for causing the movable 
member side reseat position element to make a rel- 
ative move to the fixed member side reseat position 
element, an bias membertor allowing displacement 
of the movable member relative to the f ixed member 
when an external force acts on the stylus and re- 
storing the movable member to a still position by a 
bias force when the external force acting on the sty- 
lus disappears, a deformation touch signal process- 
ing circuit including an operation circuit for enabling 
an operation condition to be switched, for generat- 
ing a deformation touch signal from the defomnation 
detection element, and a contact touch signal 
processing circuit using the fixed member side and 
movable member side reseat position elements as 
make-and-break electric contacts to generate a 
contact touch signal from the make-and -break elec- 
tric contacts, said signal processing method com- 
prising: 



positioning the touch signal probe before a 
measurement point of a work; 
driving the drive member for making a reseat 
position correction; 

switching the operation condition of the opera- 
tional circuit for enhancing sensitivity; 
feeding the touch signal probe into the meas- 
urement point for measuring; 
when the deformation touch signal is input, in- 
putting the coordinate values and storing the 
coordinate values as the most recent coordi- 
nate values for update; 

when the contact touch signal is input, output- 
ting the most recent coordinate values as de- 
tected coordinate values; and 
switching the operation condition of the opera- 
tional circuit for lowering the sensitivity. 
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